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ABSTRACT. The hver of bullhead Cott~ls gobio L from a polluted river was found to be  infested with 
Zschokkella nova Klokacewa. The moderately pathogen~c plasmodia inhabited the bile and pancreabc 
ducts and caused a proliferation and a considerable distens~on of the ducts as  well as metaplas t~c  
flattening of duct epithelium. Mature spores were also found in the l ~ v e r  parenchyma, where they were 
normally engulfed and destroyed by macrophages. In the absence of macrophages, however, necroses 
developed. Infestation of bullhead was ch~efly observed In connection with sewage Inflow. T h ~ s  
phenomenon as well as the pathogenlc~ty of the paras~te  are discussed. 

INTRODUCTION 

Sporozoa are among the most commonly encoun- 
tered endoparasites, infesting a number of fish organs. 
In addition to highly pathogenic forms such as Myxo- 
bolus cerebralis (responsible for whirling disease), the 
Myxosporea also include less harmful species, mainly 
coelozoic (Rogei-s & Gaines 1975), such as represen- 
tatives of the Zschokkella genus. A variety of endogen- 
ous and exogenous factors can favour facultative 
pathogenic myxosporeans and lead to serious out- 
breaks of disease (El-Matbouli & Hoffinann 1986). 

In the course of ecotox~colog~cal field studies on 
bullhead in a polluted river, infestation of the liver with 
Zschokkella nova Klokacewa was found relatively 
often. The abundance of material examined has 
yielded information on the pathogenesis and the 
reasons for the high prevalence of the parasitization. 

MATERIAL AND METHODS 

In February and March 1990, we examined a total of 
149 bullhead Cottus gobio L. caught at 13 of 18 differ- 
ent sites (this investigation was only part of a more 
extensive scientific project) along a ca 25 km stretch of 
the River Traun in upper Austria (mean water flow: 80 
m3 S-'). The stretch of the river in question included 4 

large dammed-up areas, 3 local sewage works and 2 
large paper mills (Fig. 1).  The sewage works dls- 
charged 300 (Site 5), 100 ( S ~ t e  10) and 15 kg (Site 16) 
chemical oxygen demand (COD) d- '  into the receiving 
water. The paper mills discharged 750 (Site 8) and 2100 
kg (Site 12) COD d- ' .  The fish were caught with the 
help of electro-shock (4.5 kw) in the usually stony 
region of the river bank. Body length, weight, sex and 
liver somatic index (liver wt X 100/body wt) were 
recorded immediately. 

For histological studies the liver (in some cases with 
associated pancreatic tissue) was fixed in 5 O/O buffered 
formaldehyde (0.1 M phosphate buffer, pH 7.4).  Pieces 
of the liver tissue (1 to 2 mm thick) were then dehy- 
drated in increasing percentages of ethanol and 
embedded in polyethylene glycol-methacrylate. Sec- 
tions of 3 vm thickness were routinely stained with 
haematoxylin/eosin, May-Grunwald/Giemsa and per- 
iodic acid-Schiff (PAS). Von Kossa stain for calcium 
was done on selected sections (Burck 1982). 

For enzyme histochemical examination, all steps of 
the preparation were carried out on ice or at 4 "C. The 
fresh liver tissue was cut into small pieces (1 to 2 mm 
thick) and fixed for 3.5 h in 5 % paraformaldehyde 
buffered with 0.075 M cacodylate buffer, pH 7.4. After 
thorough washing with buffer, the tissue pieces were 
dehydrated and embedded in polyethylene glycol- 
methacrylate. The enzyme-histochemical staining of 
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Fig. 1. Schemahc representation of the experimental section of the h v e r  Traun, Austria 

alkaline phosphatase (Burck 1982), acid phosphatase 
(Lojda et al. 1976) and myeloperoxidase (Gerrits 1983) 
was carried out on sections cut to 4 pm thickness. 
Following the acid phosphatase and myeloperoxidase 
staining, some of the sections were counterstained with 
haematoxylin according to Gill (Gerrits 1983). 

Identificatinn of the parasite, Spores of Z.qchok- 
kella nova were mechanically isolated, concentrated 
(infested liver was homogenized, filtered, centrifuged 
and the pellets resuspended in isotonic phosphate 
buffer) and identified by measuring with a computer 
system (Commodore PET 3001, Leitz) combined with a 
Leitz microscope. 

RESULTS 

On the basis of the characteristics listed in Table 1, 
the myxosporean parasite found in the liver of the 
bullhead could be identified as Zschokkella nova. 

Table 1. Zschokkella nova. Description of the parasite 

Location 
Plasmodia Bile ducts, pancreatic ducts 

Spores Liver parenchyma, bile ducts, pan- 
creatic ducts 

Description of Elongated oval, flattened, weakly 
plasmodium stained matrix, polysporous, ecto- and 

endoplasm not discernible, size vari- 
able 

Description of Ell~psoidal, rounded ends, polar cap- 
spores sules almost spherical, 4-5 polar fila- 

ment turns 

bullhead populations from the stretch of the river 
studied exhibited different degrees of parasitization 
(Fig. 2). Of the fish taken from the sections of the river 
upstream of (Sites 1 to 3) or at greater distances down- 
stream (Sites 16 & 18) of the larger sewage inflows, 
none of the 66 individuals examined harboured Z. 
nova. The parasite was first encountered after the entry 
of effluents from a large collective sewage plant (Site 
5). The highest incidence of parasitization (80%) was 
found in the following reservoir region (Site 6). In the 
vicinity of 2 large paper mills (Sites 9 to 15), the parasite 
was also found in at least 20% of the individuals, 
whereby the additional inflow from a sewage plant led 
to a local rise in incidence of infestation to 50% (Site 
10). Not until a distance of ca 5 km from the second 
paper mill (Site 16) were the parasites no longer found, 
in spite of the addition of emissions from a small sew- 
age plant. 

Distribution of Zschokkella nova infestation in the 
river 

Dimensions of Length: 10.55 + 0.49 pm; width: 5.92 
spores (n  = 10) t 0.30 bLm; length of polar capsules 

2.80 2 0.4 1 pm 

Macroscopic observations 

Sampling sites 

Fig. 2. Cottus gobio Infested with ZschokkeUa nova. Preva- 
lence of infestation (percentage of infested bullhead at each 

The frequency of infestation with Zschokkella nova The colour of the liver ranged from brownish-red to 
was roughly equal in the 2 sexes (16 % of females, n = yellowish, depending primarily on the glycogen content. 
73; 17 % of males, n = 76), although the individual Macroscopically, no differences in appearance could be 

sampling site) in the experimental section of the river 
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found between infested and non-infested livers, nor 
were there any obvious differences in the size and colour 
of the gall bladder. The liver somatic index was not 
significantly changed by the presence of Zschokkella 
nova (average: 3.2 for females, 1.5 for males). 

Histopathology 

In the bile and pancreatic ducts, mature spores and 
pre-sporulating and sporulating plasmodia of Zschok- 
kella nova were present. In the liver parenchyma, how- 
ever, only mature spores of Z. nova were found. 

The presence of, for the most part, relatively large 
and often multiple plasmodia resulted not only in 
severe distension and proliferation of the bile ducts, but 
also in attenuation and flattening of their epithelium 
(Fig. 3). A distinct increase in the activity of acid phos- 
phatase in the latter was also found (Fig. 4).  Usually a 
slight fibrosis was present in the pericholangiolar area. 

Mature spores were also found in the liver paren- 
chyma, causing an extensive fibrosis (Fig. 6) or a dis- 
tinct pericholangitis. Only isolated granulocytes were 
identifiable (using the myeloperoxidase reaction); the 
majority of the inflammatory infiltrates consisted of 
macrophages (Fig. 4) and,  in only a few cases, of 
lymphocytes. In the liver parenchyma, almost all of the 
spores released were phagocytozed by macrophages, 
which in many cases formed large granulomatous 
aggregations, mostly in the immediate vicinity of bile 

ducts (Figs. 4 & 5) and sometimes showing calcification 
(Fig. 6). The macrophages could be identified his- 
tochemically due to their particularly high acid phos- 
phatase activity (Fig. 4). In some cases, where no 
defence by macrophages was seen, free spores elicited 
severe focal necrosis in the liver parenchyma (Fig. 7). 

Histochemical demonstration of the alkaline phos- 
phatase localized in the sinusoidal endothelium and in 
the bile canaliculi gave an indication of the structural 
integrity of the liver parenchyma. In some cases, the 
histopathological alterations had produced extensive 
disruption of the liver architecture (Fig. 8), occupying 
up to 20 O/O of the cross-section of the organ. Compared 
with infested bullhead liver, the parenchyma of unin- 
fected liver showed a different histopathological pat- 
tern (slight fibrosis, fatty degeneration and necrosis of 
single hepatocytes), but no alterations of the bile ducts. 

The pancreatic tissue was only examined in cases 
where it accidentally remained attached to the liver 
material. The pancreatic ducts showed similar changes 
as the bile ducts: proliferation, dilatation, metaplasia of 
the epithelium, periductular fibrosis. In the surrounding 
pancreatic tissue, however, no mature spores were 
detectable. 

DISCUSSION 

Infestation wit11 parasites is the result of an interplay 
between environment, parasite and fish. This means 

Fig. 3. Cottus gob10 Infested with Zschokkella nova. Plasmodia (*) in greatly widened bile ducts w ~ t h  flattened epithelium In the 
liver of a bullhead. May-Griinwald/Giemsa, x 200. Inset: fresh spore, X 2300 
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Fig. 4.  Cottus gobio infested with Zschokkella nova. Acid phosphatase reaction in the liver of infested bullhead. The patches of 
macrophages (large arrow), the inflammatory infiltrate surrounding the bile ducts (arrowhead) and the duct epithelium (small 

arrow) are clearly acid-phosphatase positive; X 400 

that the occurrence of a parasite may depend, among 
other factors, on the presence of intermediate hosts, the 
degree of water pollution, and the state of health or 
powers of resistance of the host (Schaperclaus 1979, El- 
Matbouli & Hoffmann 1989, Lehtinen 1989). In the 
present investigation, infestation with Zschokkella 
nova was encountered in the stretches of river 
rendered eutrophic by sewage inflow. Eutrophication 
of water also leads to corresponding changes in the 
invertebrate fauna. Within the immediate sphere of 
influence of the sewage input, an  abnormal multiplica- 
tion of oligochaetes is generally observed (Odzuck 
1982); together with other benthic invertebrates they 
serve as food for the bottom-dwelling bullhead (Welton 
et al. 1983). Since infective stages of myxosporeans 
develop in oligochaetes (El-Matbouli & Hoffmann 
1989, Yokoyama et  al. 1991), the site-specific diet may 
be responsible for the Z, nova infection. The bullhead 
from Sites 6, 10 & 13 exhibited a higher intensity of 
parasitization. Since these were populations in which 
histopathological changes not attributable to parasites 
were found in various organs (Hofer & Bucher 1992), 
the observed higher intensity of parasitization could be 
due to a debilitating effect of the sewage on the fish. It 
is well known that pollutants suppress the defence 
system and predispose fish to disease (Pickering & 
Pottinger 1989). 

In freshwater fish, the organs reported as being most 
frequently infested by myxosporeans are the gills and 

gall bladder (Rapacz et al. 1973, Rogers & Gaines 
1975). Schaperclaus (1979) and Roberts (1985) consider 
the most likely route of entry for myxosporeans to be  
via the intestine and bloodstream. Markiw (1989) and 
El-Matbouli et  al. (1992) have shown that initial pene- 
tration of fish tissues by myxosporeans takes place in 
fins, gills, slun and intestine. As in other species of 
myxosporeans, the life cycle and mode of transmission 
of Zschokkella nova are unknown. The plasmodia of 
this parasite mature in the bile duct system and pan- 
creatic ducts. Following sporulation the mature spores 
can be  found in the neighbouring tissue, in all probabil- 
ity primarily due to the obstruction of bile duct walls by 
the large plasmodia. Some spores, however, may have 
reached the liver via the blood stream. The histo- 
pathological changes in the bile ducts elicited by 
Z. nova very closely resemble those described in con- 
nection with the infestation of five-beard rocklings 
Ciliata mustela L. by Zschokkella russelli (Davies 1985, 
Davies & Sienkowski 1988). The marked elevation of 
acid phosphatase activity in the metaplastic bile duct 
epithelium suggests destruction of obsolete parts of the 
epithelia1 cells themselves or breakdown of material 
taken up from the lumen by endocytosis (Alberts et al. 
1989). Unlike Davies (1985), however, who did not see 
the parasite free in liver tissue, we regularly observed 
mature spores in the liver parenchyma. In the case of Z. 
nova, therefore, a distinction must be  made between 
the pathogenicity of plasmodia and that of mature 





2 
W

 
z.

 
IT

:"
 :p 3

 
0
 

<
W

 
' 

E
: 

1 
P 

S 



Bucher et al: Zschokkella nova in bullhead liver 143 

spores. Rogers & Gaines (1975) described the coelozoic 
species of Myxosporea - in contrast to the histozoic 
forms - as not particularly pathogenic. In the case of 2. 
nova, the coeloic plasmodia do, in fact, have relatively 
little pathogenic effect, mostly confined to the bile 
ducts. Some of the fibrotic alterations and cell deteno- 
rations seen in the parenchyma are probably reactions 
to the excessive widening of the infested ducts. How- 
ever, in the liver parenchyma, mature spores of this 
species cause a strong and efficient defence reaction. If 
the defence mechanisms are inefficient (absence of 
macrophage invasion), the spores bring about severe 
necrosis in the liver parenchyma. Since fish exposed to 
the stress of water of inferior quality frequently have a 
poor defence system (immunosuppression; Peters 
1979), the secondary consequences of water contami- 
nation elicited by 2. nova may be of ecological signifi- 
cance. 
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